INTRODUCTION
============

Osteoporosis and related fractures are major health concerns in the elderly.\[[@B1]\] Osteoporosis can result in osteoporotic fractures of the hip, spine, humerus, and wrist.\[[@B2][@B3]\] These osteoporotic fractures reduce the quality of life and are a major cause of hospitalization in elderly patients.\[[@B4][@B5]\] Patients with a history of osteoporotic fractures have a higher risk of a subsequent fracture than those without any such history.\[[@B6]\] To prevent subsequent osteoporotic fractures, the diagnosis and treatment of osteoporosis following osteoporotic fractures are very important.

The diagnosis of osteoporosis is the first step in its management, and involves evaluation of the bone mineral density (BMD) or quantitative computed tomography (QCT) examination.\[[@B7]\] The next step is prescribing anti-osteoporotic medication, such as bisphosphonate, selective estrogen receptor modulators, parathyroid hormones, and so on.\[[@B8]\]

A distal radius fractures (DRFs) occurs in middle-aged women and men and are a risk predictor of subsequent osteoporotic fractures.\[[@B9][@B10]\] DRF is the second most common type of osteoporotic fracture in South Korea.\[[@B1]\]

In this study, we evaluated the rate of osteoporosis examination, as the first step in osteoporosis management, among Korean patients with DRFs from 2011 to 2016.

METHODS
=======

We used healthcare utilization data from the Korean Health Insurance Review and Assessment Service (HIRA) nationwide claims database. Almost 97% of the Korean population is currently covered by this national insurance system.\[[@B11][@B12]\]

The International Classification of Diseases, 10th revision (ICD-10) codes and procedure codes were used to identify patients aged over 50 years with newly diagnosed DRFs from 2010 to 2016, i.e., diagnosis codes S52.5 (fracture of lower end of radius) and S52.6 (fracture of lower end of both ulna and radius) and treatment codes N0607 and N0617 (open reduction of ulna or radius), N0603 and N0613 (open reduction of ulna and radius), N0993 (closed pinning of ulnar or radius), N0994 (closed pinning of ulnar and radius), N0983 (external fixation of forearm bone), and N0643 (closed reduction of forearm bone).

We included only one record per patient and set the wash-out period to 1 year (2010). Cases with multiple fractures were excluded from the study because of the possibility of high-energy trauma. We also excluded patients with Paget disease and cancer, and those who had undergone an osteoporosis examination before the fracture.

We determined whether each patient had undergone an osteoporosis examination within 6 months post-fracture. According to physician\'s guide for osteoporosis 2018,\[[@B13]\] it is recommend that osteoporosis patients be examined using QCT (HC 343) or dual X-ray absorptiometry (HC 341 and HC 342 for single and multiple sites, respectively).

Baseline characteristics were analyzed with the χ^2^ test. We used Cochran-Armitage trend test to examine trends in osteoporosis diagnosis. The statistical analyses were performed using SAS for Windows software (version 9.4; SAS Institute, Cary, NC, USA).

RESULTS
=======

The HIRA database search revealed 702,001 DRFs from 2010 to 2016; among these, 374,073 were excluded due to duplicated data, death or patient age under 50 years. After applying the 1-year washout period, 297,911 DRFs remained, of which 77,209 that met all of the inclusion criteria were included in the final analysis ([Fig. 1](#F1){ref-type="fig"}).

The number of DRFs treated annually decreased over time, 15,206 in 2011 to 10,778 in 2016. Of the 77,209 DRF cases, 19,305 (25.0%) underwent diagnostic examinations for osteoporosis. From 2011 to 2016, the rate of osteoporosis examination showed an increasing trend (*P*=0.061). The average rate of osteoporosis assessment over the 6-year period was 25.0% ([Table 1](#T1){ref-type="table"}).

Worldwide, osteoporosis patients undergo BMD evaluation or QCT examination. According to our data, QCT was used about 36.0% of cases in 2011, but in only 13.0% in 2016. The rate of BMD evaluation increased from roughly 64.0% in 2011 to 87.0% in 2016 ([Fig. 2](#F2){ref-type="fig"}).

[Table 2](#T2){ref-type="table"} shows the proportion of patients who underwent osteoporosis examinations within 6 months post-fractures, according to their baseline characteristics. Overall, males with fractures were less likely to undergo osteoporosis testing females (10.0% vs. 30.0%). Older patients were more likely to undergo osteoporosis examinations, especially those aged from 70 to 79 (39.9%). Patients visited a tertiary hospital had the highest rate of osteoporosis examinations (32.9%).

DISCUSSION
==========

DRFs tend to be managed less frequently than hip and spine fractures,\[[@B14]\] despite the fact that they predict subsequent osteoporotic fractures.\[[@B6][@B15][@B16]\] DRFs are the second most common type of osteoporotic fracture in Korea \[[@B1][@B17]\] and have showed the fastest rate of increase.\[[@B18]\] Physicians who treat DRFs should consider examination for osteoporosis.

The BMD was evaluated in less than 15% of patients with osteoporotic fractures in a retrospective cohort study conducted in Manitoba, Canada.\[[@B19][@B20]\] In South Korea, the rate of BMD evaluation after osteoporotic fracture increased from 42.0% in 2005 to 53.9% in 2010.\[[@B3]\] In this study, we sought to determine the rate of osteoporosis assessment after DRFs in South Korea.

Two kinds of assessment are approved by the Korean HIRA for osteoporosis: BMD and QCT examination. Evaluation of the BMD at the lumbar spine and hip is currently the gold standard for diagnosing osteoporosis.\[[@B17]\] Compared with BMD evaluations, QCT has superior sensitivity for diagnosing osteoporosis and monitoring changes in bone density, and also allows simultaneous evaluation of the trabecular bone microarchitectural and mechanical property; nevertheless, it is still considered only as an adjunctive method, due to its high radiation dose.\[[@B21]\]

The rate of BMD examination after osteoporotic fractures has gradually increased according to some reports, due its ease and cost effectiveness.\[[@B3][@B22]\] We found that the rate of BMD examination increased from 64.0% in 2011 to 87.0% in 2016, while that of QCT examination decreased from 36.0% in 2011 to 13.0% in 2016.

Osteoporosis screening just after fractures has been performed under the Korean healthcare system for osteoporotic fracture patients since 2015.\[[@B3]\] However, we found that the rate of osteoporosis assessment had increased only slightly since that time. This may be because the DRF patients were younger than those with hip or spine fractures, and BMD evaluation has been shown to be performed infrequently among younger patients.\[[@B22][@B23][@B24]\] Clinicians tend to be less likely to order osteoporosis examinations in patients with DRFs compared with those with hip or spine fractures. In our study, most of the DRFs occurred in patients in their 60s. Moreover, orthopedic surgeons may tend to concentrate on treating the fracture, rather than managing osteoporosis, as the first physicians to encounter patients with DRFs.\[[@B25][@B26][@B27]\]

We found that female gender, medical insurance and older age were associated with a higher likelihood of osteoporosis assessment, except for patients in their 80s and above due to comorbidities and lower compliance. In addition, patients seen at larger hospitals were more likely to undergo osteoporosis assessments; in a previous study, patients seen at public health centers were most likely to undergo BMD evaluations.\[[@B22]\] We found that the number of examinations performed in public healthcare centers was small compared with other medical institutes, which precluded meaningful comparison. This disparity might be caused by differences in procedure codes.

Previous studies used short and long arm cast codes as procedure codes, while we thought that these codes could be used in various situations, rather than just DRFs, such as elbow fractures or triangular fibrocartilage complex injury. Patients with medical insurance tended to be examined more frequently than those under the medical benefit system, but only marginally (32.8% vs. 31.1%).

The study had several limitations. First, the incidences rates for DRFs calculated based on medical claims database might be underestimated, because such fractures are not always diagnosed and treated in healthcare institutions. In South Korea, some patients prefer traditional oriental medicine clinics or bonesetters. Second, the use of ICD-10 codes may have led to misclassification of DRFs, although to mitigate this problem we used both ICD-10 codes and procedure codes. Third, anti-osteoporosis medication use after the osteoporosis examinations was not assessed; osteoporosis treatment within 6 months post-DRFs should be evaluated in future studies.

In conclusion, this study showed osteoporosis examination are ordered at an inadequate rate in cases with DRFs. Physician who treat DRFs in patients over 50 years of age should suspect osteoporosis and order examinations accordingly.
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###### Rate of examinations for osteoporosis in distal radius fracture patients aged over 50 years within 6 months after the fracture, from 2011 to 2016
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Exclusive criteria: multiple fracture, Paget\'s disease, cancer, or osteoporosis examination before the fracture.

###### Baseline characteristics of distal radius fractures from 2011 to 2016
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